A rapid, reproducible, mini-volume assay capable of detecting staphylococcal plasmid DNA in the range of 0.8 to 32 megadaltons has been developed. The assay employs lysostaphin-mediated lysis of cells followed by a short, low-speed centrifugation and does not require treatment with ribonuclease or protease or deproteinization with phenol. A period of only 24 h may be required to detect the presence and size of a plasmid once an organism has been isolated. This method has been used to study the plasmid ecology of Staphylococcus epidermidis and to correlate the presence or absence of plasmids with tetracycline, chloramphenicol, neomycin, penicillin, and cadmium resistances.
Simple agarose gel electrophoretic procedures for the detection and characterization of plasmid DNA in gram-negative bacteria have been published previously (2, 5, 14) . All of these procedures utilize detergent-mediated lysis, which is ineffective against gram-positive bacteria without prior treatment with lysozyme or lysostaphin in the case of staphylococci. We have developed a fast, reproducible, small-volume assay capable of detecting staphylococcal plasmid DNA in the range of 0.8 to 32 megadaltons. This assay is a modification of the Brij-lysostaphin cleared-lysate procedure commonly used for the isolation of plasmid DNA in Staphylococcus aureus (13) .
This procedure has been used in our laboratory to detect plasmid-free strains of Staphylococcus epidermidis for use as recipients in transduction and transformation experiments and to correlate antibiotic resistances with the presence or absence of plasmids of size classes typically coding for these resistances in staphylococci (4) .
MATERIALS AND METHODS
Bacterial strains and media. Strains of S. aureus and S. epidermidis used in this study and their resistance patterns are shown in Table 1 . Most strains were obtained from nasal cultures of young adults. Grampositive cocci were designated as staphylococci if they were catalase positive and produced acid from glucose anaerobically. Identification as to species was accomplished by the coagulase test. Cultures were maintained on Trypticase soy agar (TSA) which contained Trypticase soy broth (TSB; BBL) plus 1.5% agar (Difco). TSA-YE contained, in addition, 0.3% yeast extract, and TSB-YE-gly also contained 0.5% glycine. Difco 
Products, Inc.) and photographed with a Polaroid MP-4 camera, using Polaroid type 55 P/N film and a Wratten no. 23 filter.
Isolation and labeling of plasmid DNA. Labeling of DNA was accomplished by growing cells overnight in 50-mil volumes of TSB-YE-gly, washing with AOAC broth, and suspending in 20 ml of AOAC broth containing 10 ,ug of deoxyadenosine per ml, 2 uCi of [3H]thymidine per ml, and 0.28 M glucose. The cell suspension was incubated with shaking for 1.5 to 2.5 h at 370C, and the cells were collected. DNA was isolated by a modification of the method of Novick and Bouanchaud (8) . The strains of S. epidermidis used in this study were easily lysed by this procedure after they had been grown overnight in TSB-YE-gly (12 43,000-rpm, 24-h centrifugation which did not achieve isopycnic conditions. As an additional control, plasmids of known molecular weights (data not shown) were run on all gels and always showed a migration inversely proportional to their molecular weights.
S. epidermidis JB104 had a single plasmid which migrated close to the chromosomal band ( Fig. 2A) . When the agarose concentration, voltage, and electrophoretic time were altered, the spatial relationship of the chromosomal band to this plasmid band was changed ( Fig. 2A, slots 2 , 4, and 6). The plasmid band of strain JB104 migrated both above and below the chromosomal band as a result of variation in these parameters. S. epidermidis JB39, a clinical isolate, had no detectable plasmid bands even when it was subjected to electrophoresis under these different conditions (Fig. 2B, slots 1, 3, and 6 ). To verify the presence or absence of plasmid DNA, strains JB104 and JB39 were labeled with [3H]thymidine, lysed, and banded with CsClEtBr, and the fractions were counted. A plasmid peak was evident in strain JB104 but not in strain JB39 (Fig. 3) .
Plasmid content of antibiotic-sensitive strains of S. epidermidis. A total of 105 strains of S. epidermidis were screened for susceptibility to Pc, erythromycin (Em), tetracycline (Tc), and chloramphenicol (Cm). A total of 20 susceptible strains were screened by the mini-volume Brij lysis procedure, and only 1 strain, JB39, appeared to have no plasmid bands. Further testing revealed that some of these plasmid-containing strains (JB112, JB115, JB118, JB119, and JB24) were also susceptible to Cd, neomycin (Nm), streptomycin (Sm), kanamycin (Km), and methicillin (Mc). Figure 4A shows the banding patterns of these five strains and strain JB106, which was sensitive to all agents tested except Cd. All strains had cryptic plasmids. A total of 12 strains resistant to Cd but susceptible to Pc, Tc, Em, Cm, Sm, and Nm were screened for plasmid content. Of these strains, 11 had bands migrating similar to or slightly lower than the 13.5-to 32-megadalton controls, and many had additional smaller bands (data not shown).
Screening for plasmids in penicillinasepositive strains and Tcr strains. pcr strains of S. epidermidis were screened for plasmid content in the hope of finding strains containing single plasmids which could be used for curing. Mini-volume Brij lysates of 25 penicillinase-producing Tc', Cm', Ems, Nm', Kmi, and Mcs strains were screened on agarose gels, and their banding patterns were examined. All but one of these strains had DNA bands migrating to a position on the gel similar to or slightly lower than the 13 .5-to 32-megadalton plasmid controls. This is the size range expected for penicillinase plasmids in S. aureus (4) . The penicillinase-producing strains of S. epidermidis shown in Fig. 4B all have DNA bands in the 13-to 32-megadalton range, and many have additional lower-molecular-weight bands. Because most of the penicillinase-negative Cd' strains represented in Fig. 4A also had similar DNA bands, the presence of plasmids in Pcr strains could not be correlated with penicillinase production.
When the pCr strains were screened, it was noted that some strains sensitive to Tc, Nm, and Cm by the disk diffusion method had bands with migration patterns similar to the Tc plasmid of S. aureus. The minimum inhibitory concentra- (Fig. 2) . The labelingprofile of strain JBI05 is also shown (C). This strain, which appears to have no plasmids, is Pc and Tc resistant. tions for the above drugs were determined for some of these strains to detect low-level resistance. S. epidermidis JB22 and JB5 were used as prototypes of the Tc', Nm', and Cm' strains containing and lacking 3-megadalton plasmids, respectively. Sensitivity of these strains to these drugs was in all cases equal to or lower than that of the Tc' Nms Cm' control strain, S. aureus 25923.
Tcr strains of S. epidermidis were also screened for plasmid content (Fig. 5) . Some had bands which migrated in the agarose gel to a position characteristic for the control, which was the 3-megadalton Tc plasmid of S. aureus (Fig.  5, slots 5, 7, 8, and 9) ; others lacked these bands (Fig. 5, slots 4 and 6) . Four of the 23 Tcr strains of S. epidermidis lacked 3-megadalton plasmid bands. However, as with pCr strains, no correlation of Tc resistance with plasmids of the size typically coding for Tc resistance in S. aureus could be made because Tc' strains also contained plasmids of this size. The minimum inhibitory concentrations of Tc were determined for a Tcr strain with a plasmid band migrating similarly to the 3-megadalton plasmid control and for a Tcr strain with no plasmid band. No appreciable differences in resistance were detected between these two strains. No Cmr or Nmr strains of S. epidermidis without 3-megadalton plasmid bands were found.
One pcr Tcr isolate, S. epidermidis JB105, appeared to have no plasmid bands when it was lysed by the mini-volume Brij lysis technique and subjected to electrophoresis on several gels (Fig. 5, slot 4) . Labeling data also indicated that this strain had no plasmids which could be isolated by lysostaphin-Brij lysis followed by centrifugation in CsCl-EtBr gradients (Fig. 3) .
DISCUSSION
The results presented here show that the mini-volume Brij lysis-electrophoresis procedure is an accurate and reliable method for (Fig. 2) . From our experience this is a very rare event and can be easily rectified by repeating the electrophoresis with a different agarose concentration, voltage, and/or electrophoretic time. Of course, with plasmid transduction, transformation, and elimination studies, this phenomenon would be of less importance because donors and recipients or cured derivatives could be run on the same gel and plasmid bands could be compared.
Plasmid screening of staphylococci, which formerly took days by either (i) lysis, CsCl-EtBr centrifugation, dialysis, and gel electrophoresis or (ii) labeling of DNA, lysis, CsCl-EtBr centrifugation, and sucrose centrifugation, can now be done by this 2-h lysis procedure followed by overnight gel electrophoresis.
This procedure proved extremely useful in the isolation of plasmid-free strains of S. epidermidis which potentially could serve as recipients in transduction and transformation experiments and thus could be a source of isolated plasmid DNA. Surprisingly, our results revealed that only 1 of 20 S. epidermidis strains susceptible to Pc, Tc, Nm, Cm, Em, Sm, Km, Mc, and Cd was plasmid-free. The genetic information coding for many of the above resistances has been shown to be contained on plasmid DNA in S. aureus (4) and is also suspected to be plasmid-borne in S. epidermidis (1, 10) . Cryptic plasmids have been reported in S. epidermidis before (6, 10), but their widespread occurrence in antibioticsusceptible strains has not been reported to our knowledge.
Our studies on the plasmid content of Tcr strains of S. epidermidis have shown that, unlike the situation in S. aureus (4) , Tc resistance frequently may not be carried on a 3-megadalton plasmid. Although it has been shown that some strains of S. epidermidis do have 3-megadalton Tc plasmids (6, 10) It was hard to correlate the presence of a typical plasmid size with Pc resistance in S. epidermidis because pcr and Pcs strains had similarly sized plasmid bands. This resistance has been shown to be carried on a 12-to 21-megadalton plasmid in S. aureus (4) and is suspected to be plasmid borne in S. epidermidis (1, 7, 9, 11) . Unlike the situation in most strains of S. aureus, Pc and Cd resistance may not be linked in S. epidermidis (1, 15) . The evidence for a plasmid location for Pc resistance in S. epidermidis is based on curing procedures or on kinetics of transduction. However, because phage typing patterns have been found to change with loss or gain of Pc genes (9, 11) , as has novobiocin susceptibility (7, 11) , we have found it convenient in our laboratory to check our cured derivatives and transductants with this mini-volume Brij lysis procedure. The prevalence of cryptic plasmids in S. epidermidis makes this an excellent method of identifying strains and ruling out contaminants that almost certainly would have a completely different plasmid set.
At least one strain, JB105, appears to have chromosomal loci for both Pc and Tc resistance because no plasmids could be detected either by the mini-volume Brij lysis-agarose gel electrophoresis procedure or by labeling of DNA followed by CsCl-EtBr centrifugation. Even if these resistances were associated with plasmids present only in the open circular configuration, they would have been detected by the mini-volume Brij lysis procedure.
The results of this survey indicate that Tc and Pc resistance in S. epidermidis, as in S. aureus, may be associated with 3-and 12-to 21-megadalton plasmids, respectively. However, the possibility exists that these resistances may also be on either larger or smaller plasmids, or on the chromosome. It has been postulated that S. epidermidis and S. aureus have similar plasmids coding for antibiotic resistance and that plasmid exchange between the two species occurs. However, our data indicate that there is not always a direct correlation between Tc and Pc resistance in S. epidermidis and the presence of plasmids of a size typically coding for these resistances in S. aureus. This suggests that, if an exchange does occur in vivo, it may not involve intact plasmids.
